The combination of ciprofloxacin and rifampin is potentially useful for the treatment of selected infections. However, rifampin may induce the metabolism of ciprofloxacin. Ciprofloxacin was given in single doses to healthy rabbits before and after six daily doses of intramuscular rifampin. Total clearance of ciprofloxacin increased from 0.96 + 0.32 (standard deviation) to 1.57 ± 0.63 liters/h per kg (P < 0.05). This change in elimination is potentially significant for the outcome of experimental infections in rabbits.
Rifampin is frequently used as an adjunctive antistaphylococcal agent in chronic or deep-seated infections caused by susceptible strains (7) . The addition of rifampin enhances the bactericidal activity of many antistaphylococcal regimens and provides intracellular killing of the infecting organisms (6) . However, rifampin is also a potent inducer of oxidative metabolism in mammals (1, 2) . Since ciprofloxacin is partially (20%) metabolized (11) , concomitant use of rifampin may have an effect on its biodisposition. To investigate this possibility prior to an evaluation of the efficacy of ciprofloxacin plus rifampin in experimental Staphylococcus aureus endocarditis, we assessed the pharmacokinetic disposition of ciprofloxacin before and after chronic rifampin administration to healthy rabbits.
Ciprofloxacin powder (Miles Pharmaceuticals, West Haven, Conn.) and rifampin (formulation for intravenous use; Merrell Dow Research Institute, Cincinnati, Ohio) were dissolved in 5% glucose in water at concentrations of 25 and 60 mg/ml, respectively. The preparations were filter sterilized and frozen in aliquots until used. All administered doses were prepared from the same reconstituted solutions.
On day 1, 25 mg of ciprofloxacin per kg (body weight) was administered by intravenous bolus injection into an ear vein to each of six male New Zealand White rabbits (2.5 to 3.5 kg). Blood samples for determination of ciprofloxacin content in serum were collected from the contralateral ear at 0.0167, 0.0833, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, and 12 h after the bolus dose. On days 2 to 6, 10 mg of rifampin per kg was administered intramuscularly once daily. On day 7, a final dose of rifampin was administered, followed by an intravenous bolus infection of 25 mg of ciprofloxacin per kg. Blood samples for determination of rifampin content were obtained at 2 h (peak) and 24 h (trough) after each dose. Serum samples for determination of ciprofloxacin concentration were also obtained after the last dose at the same time points as after the first dose. Urine was not collected from these animals.
Ciprofloxacin concentrations in serum were determined by bioassay using an agar well diffusion method (8) . Klebsiella pneumoniae ATCC 10031 (resistant to .25 ,ug of rifampin per ml) was used as the test organism, and the lower assay limit was 0.02 ,ug/ml. Metabolite concentrations were * Corresponding author.
not assessed and would not be expected to contribute significantly to serum activity of the drug. The assay variation was 4.2%. Rifampin concentrations were determined by a standard bioassay method with Micrococcus luteus ATCC 9341 as the assay organism (8) . Variation for this assay was approximately 8%. The assay organisms were exposed to various concentrations of both ciprofloxacin and rifampin, and neither was synergistically inhibited by the combination.
Serum ciprofloxacin concentration-versus-time curves were plotted, and the elimination half-life was calculated by dividing the natural logarithm of 2 by the terminal elimination rate constant (Xc) or slope of the plotted line.
Other pharmacokinetic parameters were determined by model independent methods (5). The area under the plasma concentration-versus-time curve (AUC) for ciprofloxacin was calculated by the log trapezoidal rule. The AUC was calculated from time zero to infinity for each dose. The AUC beyond the last measured point was estimated by dividing the predicted value of the last point by the terminal elimination rate constant. Estimates of total clearance (CL) and apparent steady-state volume of distribution (Vs,) were calculated from the equations CL = dose/AUC and Vss = (dose x AUMC)/AUC2, where AUMC is the area under the first moment of the serum concentration-versus-time curve calculated by the log trapezoidal rule. Comparison of mean data was performed by the Wilcoxon signed rank test. A P value of .0.05 was considered significant.
Peak and trough rifampin concentrations did not change after multiple doses. Peak (2-h) and trough values for the first and last doses were 4.41 ± 1.34 (standard deviation) and 0.33 ± 0.18 jig/ml and 4.81 ± 2.45 and 0.30 ± 0.37 p.g/ml, respectively.
With the exception of the 12-h serum sample, concentrations of ciprofloxacin before rifampin administration were greater than those found after six doses of rifampin. The pharmacokinetic analysis is detailed in Table 1 .
As noted above, rifampin is a potent inducer of drug metabolism (2) . It has been shown to produce a proliferation of the smooth endoplasmic reticulum and an increase in the cytochrome P-450 content in mammalian liver (1) . However, there appears to be selectivity in the enzyme induction effect so that not every drug metabolized by oxidation is affected. Ciprofloxacin undergoes oxidative metabolism in the liver. Approximately 20% of a dose in humans is converted to ANTIMICROB. AGENTS CHEMOTHER. three different metabolites which possess weak antibacterial activity (11) . We have shown a substantial increase in the clearance of ciprofloxacin in rabbits after 6 days of rifampin administration. This effect may be important in the outcome of infection. It has been determined from experimental models of infection that, as with aminoglycosides, pharmacokinetic correlates of efficacy with quinolones are the AUC and the ratio of achievable concentration to MIC (10). Since our results indicated an average decrease in AUC of approximately 60%, this is potentially significant.
Additionally, mean levels of ciprofloxacin in serum before rifampin administration were 40% higher than those achieved after rifampin administration. Changes in concentrations in serum of this magnitude could have a significant impact on the treatment of certain infectious diseases. These include staphylococcal infections, tuberculosis, and infections caused by Mycobacterium avium-M. intracellulare and Legionella species. Combinations of ciprofloxacin plus rifampin with or without other agents are potential treatment regimens for each of these diseases (4, 9, 12, 13) . Moreover, the MICs of ciprofloxacin for the causative organisms are relatively high, which makes changes in achievable concentrations even more important.
It should be noted that two factors may negate the effects of the drug interaction we have demonstrated between ciprofloxacin and rifampin. First, since rifampin and ciprofloxacin may exert a synergistic effect against certain organisms, reduction in the achievable concentrations of ciprofloxacin in serum may be counterbalanced by apparent reduction in the MIC resulting from a synergistic interaction. Although this was not observed with our test organisms, other bacteria may be affected. Second, we previously noted alterations in the disposition of ciprofloxacin after multiple doses in rabbits (3) . We found the clearance of ciprofloxacin to be decreased by 20% after 13 doses. This may at least partially negate the increase in clearance produced by concomitant rifampin. Finally, it is unclear whether results of pharmacokinetic interaction studies in rabbits are applicable to humans. However, such interactions may be important for the outcome of experimental infections and should serve as an impetus to explore the interaction in healthy human subjects and patients. Multiple-dose pharmacokinetic and pharmacodynamic studies with both drugs in animals and humans are needed to fully assess and characterize the potentially significant interaction that we have observed.
